Root morphology and development of banana and plantain root systems in relation to nematode population.
Introduction
In contrast with the above-ground parts of plants, very few studies have been done on the below-ground parts [1] . On banana, a little information is available on the underground parts of the plant, but mostly on commercial bananas [2] . These studies are mostly on the description of the root system; only a few of them deal with relationships with pathogens.
The root system plays an important role for a plant. Unfortunately, it is subjected to many attacks by soil pests and diseases, which can cause significant reduction in production. Besides, very few studies have been conducted to investigate the role of the root system as a possible indication of resistance/tolerance or escape mechanisms.
Reports have indicated that intimate relationships do exist between cultivars and pathogens. Biochemical mechanisms have been suspected of being involved in resistance of some Musa accessions to nematodes [3, 4] . However, physical differences in development and structure between cultivars have been reported. Lavender et al. [1] found significant differences between clones of Betula pendula in their root systems. They reported differences in root mass and root length, although the latter tends to vary more than the former. Travis et al. [5] reported differences in the anatomy of the stem of two varieties of Brassica namus with different degrees of susceptibility to lodging. They concluded that these differences are probably an indication of varietal performance. According to Berrie et al. [6] , variation in the primary structure of roots exists and this is centred on the relative proportion of the cortex and medulla associated with the number of protoxylem groups and on the presence or absence of air spaces in the cortex.
Root systems of bananas and plantains are made up of root axes and finely branched laterals. The general structure of the main roots has been described by many authors [7, 8] .
There is currently no available data on the role of structural anatomy and development of roots of Musa clones in relation to nematode susceptibility or tolerance. This paper discusses the possible contribution of root development and structure to sensitivity of Musa clones to nematodes. Two years after planting, roots were collected from only four of the accessions tested: three susceptible and one resistant. Only roots still attached to the mother plants were collected. After washing, hand sections were carried out and the sections were kept in glycerised distilled water for observations. Sections were made up of root pieces cut 10 cm from the corm. Riopel and Steeves [7] reported that maturation of tissues in the roots is complete (90 to 130) cm from the apex.
Materials and methods
The following observations were made: -Estimation of the thickness of each component of the section using the percent area of the section occupied by each component: micrometric measurements (linear measurement) were made as described by Quesnel [9] ; calculation of the tissue area in the root cross-section was based on the method described by Travis et al. [5] .
-Presence or absence of air spaces as well as their abundance was investigated.
-Estimation of nematode populations and root damage: nematodes were extracted from 25 g of subsamples of roots using the maceration and sieving technique [10] . Root damage was evaluated using a root lesion index based on the area of necrosis on a randomly selected number of root axes [11] .
Results and discussion

Root distribution with depth
In the conditions used in our experiments, the depth of the root system of the cultivars did not exceed (70 to 80) cm. This corroborates the report by Blake [12] , who found that Cavendish banana roots extend to a depth of 75 cm, and with the works of Irrazary et al. [13] , who reported that plantain roots extend no deeper than 45 cm at five locations in Puerto Rico.
The total root weight and root length collected from different layers of the soil profile showed some differences between cultivars (tables II, III). Most of the cultivars had a similar pattern of root distribution in the soil profile except Christine, which showed a more regular root distribution to a depth of 60 cm. For the cultivars French Sombre, Grande Naine, Banane Cochon and Yangambi km 5, more than 70% of the roots were found above a depth of 40 cm. Sioussaram [14] and Champion and Sioussaram [l5] reported that most of the banana roots develop in the top soil. Godefroy et al. [16] also found that 82% of roots of East African banana (AAA) were in the horizons close to the soil surface. Total root mass varied between (146.8 and 299.5) g and root length varied between (1060 and 1954) cm (tables II, III). The cultivar Christine had the lowest root mass and root length and the cv. French Sombre had the highest.
Significance of nematodes and damage with depth
R. similis was extracted from all the samples collected in the soil profile. The distribution of nematode population with depth showed that the cultivar Yangambi km 5 had the lowest population densities at all the depths (table IV). For most of the cultivars, the highest population of nematodes was extracted from root samples collected at depths between (30 and 40) cm. Populations of nematodes from samples collected between (0 and 20) cm were comparable with those sampled between (50 and 70) cm. Occasionally, nematode populations greater than 10 5 R. similis·l00 g -1 roots were found at greater 
Thickness of tissue areas
The percent area of the cross-section occupied by the cortex varied between (57.4 and 63.2)%. The cultivar Grande Naine had the thinnest cortex while Yangambi km 5, French Sombre and Christine were comparable in their thickness. Although a significant difference was found between cultivars in the thickness of the cortex, no relation seems to exist between the thickness of cortical tissue and the susceptibility levels, since Yangambi km 5 was comparable with susceptible cultivars (table VI) . ln all cases, the cortical zone showed three major areas, as reported by Riopel and Steeves [7] : the outer region with medium size cells, the inner region with small cells and the intermediate region with large cells. Air spaces or air lacunae are found in the third region. The tissue area occupied by the stele in the total root cross-section varied between (37.5 and 40.6)%. Although the cultivar Table III . Lengths of roots of Musa cultivars taken from the field at different layers of the soil profile up to a depth of 60 cm, and at 50 cm from the plant (Njombé, Cameroon). Table IV . Population densities of Radopholus similis in roots of different Musa cultivars at different layers of the soil profile up to a depth of 60 cm, and at 50 cm from the plant (Njombé, Cameroon). Christine showed the greatest stele size, the difference was not significant (table VI).
Presence or absence of air spaces
The number of air spaces was counted under the microscope and significant differences were observed between cultivars (table VI) . There were significantly fewer air lacunae in Yangambi km 5 than in the other cultivars. This result indicates that susceptible cultivars show the highest number of air spaces. Berrie et al. [6] reported that the presence or absence of air spaces in the cortex is one of the criteria of variation in the primary root structure.
Conclusions
Our study shows that R. similis causes damage on banana and plantain roots at every depth. However, the greatest nematode population densities and damage are found at depths between (20 and 40) cm. This depth also corresponds to the soil horizon where the largest amount of roots of most of the Musa cultivars are found. These results indicate that tolerance of Musa cultivars cannot be attributed to the root system developing at greater depth and, therefore, escaping nematode damage, since susceptible as well as resistant cultivars showed more than 70% of their total roots in the first 40 cm of the soil profile. It was found that all the cultivars have a similar primary spatial organisation of the root structure. Differences were observed in the areas occupied by different components of the tissues but the difference was not related to the susceptibility level of the cultivars to R. similis. The major difference found was in the number of air spaces in the cortical parenchyma. This number was lower in Yangambi km 5 than in susceptible cultivars. Whether this lower number of air lacunae in Yangambi km 5 has any effect on the host-pathogen interaction needs further investigation. Further experiments are needed to understand the role of air spaces in susceptibility to R. similis. 
